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This is a wildly exciting period in the study of ion chan-











accomplished (Noda et al., 1984, Tempel et al., 1987),
many of the functional parts of the channels have been
located within the sequence. These include the pore
through which ions travel (P region: Guy and Conti,
1990; Hartmann et al., 1991; Yellen et al., 1991), the
voltage sensor (S4, the positively charged fourth trans-
membrane segment: Stühmer et al., 1989; Larsson et














Hoshi et al., 1990; for the Na channel, the linker be-
tween domains III and IV: Stühmer et al., 1989; West et
al., 1992).
Missing from the list of identified functional parts is
the activation gate. The paper by Holmgren, Smith,
and Yellen in this issue of 
 
The Journal of General Physiol-
ogy 
 
(Holmgren et al., 1997) and a preceding paper
(Holmgren et al., 1996) give fascinating evidence about
the location of this gate if not yet a complete answer.
Where should one begin to look for the gate? As





 and analogues to block K channels (Arm-
strong, 1971) suggested that the activation gate is in-
side and that the search should be in the intracellular
segments of the sequence. These experiments are sum-




 and analogues block squid K
channels only when applied inside. Further, they are
“open channel blockers,” meaning they have access to
their binding site in the pore only when the channel
gate is open. During a voltage step the number of open




) normally rises to a steady





























 has a “head” group (the charged nitrogen and
three surrounding ethyl groups) and a hydrophobic
tail (nine carbons with their hydrogens). The head is




 ion with one hydration shell,


















, which is thought to dehydrate partially as it







 cannot shed its covalently linked ethyl groups. The
hydrophobic tail increases binding of the blocker in







; Choi et al., 1993).
What happens when the gate tries to shut on repolar-






 acts like a foot in















100 mV, however, the closing pressure is very strong,
and the gates of about one-third of the channels appar-




















mains there for (relatively) a very long time. This trap-
ping effect is easy to picture in terms of a gate at the
inner end of the channel, as shown in the cartoon. Al-
together, the experiments favor the idea of a stable
channel with a gate at the inner end. The gate is the
major moving part.
The gate thus seems to be inside, but where is it











 binding is affected
not only by mutations in the P region but also by S6
(sixth transmembrane segment) mutations. The S6 mu-
tation T469I, for example, greatly increases the affinity












, almost certainly by im-
proving interaction between the channel and the hy-













 is too large to fit









analogue, shows all of the states seen in the cartoon of







 leaves the channel. Holmgren et al. have now
discovered that I470C, an S6 mutation, confers the abil-






. Presumably replacing isoleucine by a







 to reside in the inner vestibule of the closed channel.
Significantly, it is relatively easy (and easier than in










1.2 kcal/mol, less than the energy of a hydrogen bond.






 occupies a cavity that changes lit-









 is similar in size




 ion, does this mean that the channel






ion in the inner vestibule?
Overall, these fascinating findings make it almost irre-
sistible to think that one or more flaps fold over the in-







 without much strain.
What are the flaps? Since the channel is a tetramer, it
is easiest to imagine there are four flaps. Where are
they, and how are they linked to S4, the voltage sensor?
One candidate is the S4-5 linker, an intracellular loop
of 13 amino acids. This region was tested for this role in
elegant fashion (Holmgren et al., 1996) by labeling cys-
teine mutants with MTS reagents (Akabas et al., 1992).
They found that labeling rates at some positions dif-
fered 4- to 10-fold between the open and the closed
state, showing that there is movement in this region
during opening and closing. Perhaps the S4-5 linkers
 
are the flaps, but conviction must await further experi-
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